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PHOTOELECTRIC SWITCHES 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a photoelectric switch 
With a corrective measure against noise, for example, from 
a ?uorescent lamp of the inverter type. More in particular, 
this invention relates to such a photoelectric sWitch adapted 
to eliminate the effects of noise from a ?uorescent lamp as 
much as possible, prior to an on-off judgment process for 
determining Whether to sWitch on or off the sWitch, by 
adjusting received light detecting signals to a speci?ed level 
as of a moment immediately before pulsed detection light is 
expected to arrive after being re?ected by a target object. 

[0002] As is Well knoWn, a photoelectric sWitch of this 
type is comprised of a light emitting means, a light receiving 
means and a signal processing means. In the case of a sWitch 
of the re?ection type, the light emitting means and the light 
receiving means are generally disposed Within a same hous 
ing. In the case of a sWitch of the transmission type, the light 
emitting means and the light receiving means are generally 
disposed in mutually separated housings. 

[0003] The light emitting means includes a driving means 
for outputting a driving pulse signal (hereinafter referred to 
as the “driving pulse”) at the timing speci?ed by a light 
emission control signal and a light emitting element for 
emitting pulsed detection light to a target region in response 
to the driving pulse outputted from the driving means. The 
light receiving means includes a light receiving element for 
receiving the pulsed detection light arriving from the target 
area and an ampli?er for generating the output from the light 
receiving element to generate a light detection signal. The 
signal processing means serves to output the result of the 
on-off judgment process. The on-off judgment process (or 
“on-off judgment”) is the process Whereby it is determined 
Whether to sWitch on or off the sWitch, depending on 
Whether or not a target object is found to be present in the 
target region. 

[0004] FIG. 12 shoWs an example of Waveform diagram 
of the driving pulse PD and light detection signal VS2. The 
driving pulse PD is a rectangular Wave With peaks appearing 
at regular timing intervals T. The light detection signal VS2 
has a typical hill-shaped Waveform, rising suddenly to reach 
a peak pk during a period betWeen points of time corre 
sponding to the front and back edges of the driving pulse PD, 
dropping quickly and overshooting to reach a bottom bm 
and thereafter gradually returning to the Zero-level. The 
causes of the overshooting portion include the capacitance 
of the ampli?er of the light receiving means. 

[0005] If the base level of the hill-shaped Waveform of the 
light receiving signal VS2 Were alWays as stable as shoWn 
in FIG. 12, a reliable on-off judgment Would be possible by 
sampling the light receiving signal VS2 at a timing With a 
slight delay from that of the driving pulse PD and comparing 
the level of the sampled light receiving signal VS2 With a 
speci?ed threshold value. 

[0006] FIG. 13 shoWs an example of driving pulse PD, the 
range AT of variations in the timing for the generation of 
sampling pulse PS and the noise component VN2 due to an 
inverter ?uorescent lamp. 

[0007] Photoelectric sWitches of this type have typically a 
light emission period T Which is relatively close to the on-off 
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period of inverter type ?uorescent lamps commonly used for 
illumination at factories in Europe. If a photoelectric sWitch 
of this type is installed in an environment Where such 
?uorescent lamps are employed, the light receiving signal 
VS2 as shoWn in FIG. 12 and the noise component VN2 of 
the ?uorescent lamps Will be superposed. As a result, the 
base level of the hill-shaped Waveform of the light receiving 
signal VS2 varies from one period to another, and a reliable 
on-off judgment Will not be possible by a simple method of 
comparing a threshold value With the level of the light 
receiving signal VS2 at a timing With a delay of a speci?ed 
time length from that of the driving pulse PD. 

[0008] Even in the absence of noise component VN2 in the 
?uorescent lamps, it is dif?cult to completely suppress the 
variations in the timing for the generation of sampling pulse 
PS by means of the capacitance of circuit elements because 
it cannot be avoided to determine the timing for the gen 
eration of sampling pulse PS on the basis of the timing for 
the generation of the driving pulse PD. In the case of a 
sWitch of the transmission type, in particular, the driving 
pulse PD is transmitted from the light receiving device to the 
light emitting device through a communicating means and 
the range of variation AT is not negligible because of the 
variations in the transmission time for this communication. 

[0009] In vieW of the above, the present inventors pro 
posed a procedure Whereby the level of the light receiving 
signal is shifted toWards the speci?ed level by an amount 
corresponding to the difference betWeen the level of the light 
receiving signal at the moment immediately before the 
pulsed detection signal is expected to arrive and the speci 
?ed level during the period in Which the detection signal 
Waveform of the pulsed detection light is expected to be 
obtained and it is determined Whether at least one of the 
conditions to be used for an on-off judgment is satis?ed on 
the basis of the level of the light receiving signal after it has 
thus been shifted. 

[0010] By such a signal processing method, it Was 
expected that the effects of noise components from a ?uo 
rescent lamp Would be eliminated and a reliable on-off 
judgment Would be possible because use is made of an 
algorithm Whereby a comparison With the threshold level is 
made only after noise components are removed from the 
level of the light detection signal. After a diligent investi 
gation by the present inventors, hoWever, it has been dis 
covered that problems still remain With the reliability of the 
on-off judgment results even With such a signal processing 
method With a routine for removing noise components as 
described above. 

[0011] One of the reasons for this is that it is difficult to 
accurately estimate the timing immediately before the 
pulsed detection signal is expected to arrive. In the case of 
a photoelectric sWitch of the transmission type, in particular, 
since the driving pulse PD is transmitted from the light 
emitting device to the light receiving device through a 
communicating means, it is not possible to accurately esti 
mate the expected arrival time of the pulsed detection signal 
because of the variations in the time of transmission by this 
communication means. If there is a large variation in the 
arrival time of the pulsed detection signal, an accurate on-off 
judgment is not possible no matter hoW adequate the thresh 
old value used for the judgment is. 

[0012] Another reason is that, even if the timing for the 
arrival of the pulsed detection signal could be accurately 
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determined, an accurate on-off judgment Would still be 
impossible. It is because, if the timing thus determined 
happens to coincide With a portion of the Waveform of the 
noise component VN2 from the ?uorescent lamp Where the 
Waveform is changing rapidly (such as at phase 0°, 180° and 
360°) and if the light detection level of the pulsed detection 
light happens to be near (either above or beloW) the thresh 
old value for the judgment, the light detection signal level 
may erroneously exceed or fail to exceed the threshold value 
due to the effects of noise component VN2. 

[0013] The present invention is for solving such problems 
of photoelectric sWitches With such a level shifting function. 

SUMMARY OF THE INVENTION 

[0014] It is an object of this invention to provide a 
photoelectric sWitch With a level shifting function having a 
more reliable on-off judgment capability. 

[0015] It is another object of this invention to provide such 
a photoelectric sWitch Which is reliable even When the 
timing for the sampling of detection signal necessary for the 
on-off judgment is someWhat displaced. 

[0016] It is a further object of this invention to provide 
such a photoelectric sWitch Which is reliable even When the 
sampling timing for detection signal happens to coincide 
With a rapidly changing portion of the Waveform of the 
detection signal caused by a noise component. 

[0017] A photoelectric sWitch embodying this invention, 
With Which the above and other objects can be accom 
plished, comprises a light emitting means for periodically 
emitting pulsed detection light, a light receiving means for 
photoelectrically converting the pulsed detection light and 
thereby outputting corresponding light detection signals, and 
a signal processing means for generating an on-off judgment 
output for sWitching on or off this photoelectric sWitch. The 
signal processing means includes a level shifting means for 
shifting the level of the light detection signals toWards a 
speci?ed level at least during a speci?ed light receiving 
period by an amount corresponding to the difference 
betWeen the speci?ed level and the level of the light detec 
tion signal at a time immediately before the pulsed detection 
light is expected to arrive, and a condition judging means for 
judging, on the basis of the light detection signal With the 
level shifted by the level shifting means, Whether or not at 
least one of conditions to be used for generating the on-off 
judgment output is satis?ed. 

[0018] According to an embodiment of the invention, the 
condition judging means serves to generate the on-off judg 
ment output at least on the condition that the levels of the 
light detection signal at a ?rst timing When a peak of the light 
detection signal is expected to arrive and at a second timing 
When a bottom of the light detection signal after an over 
shoot period is expected to arrive are in a speci?ed siZe 
relationship. A reliable on-off judgment is possible accord 
ing to this embodiment because even if the ?rst and second 
timings are someWhat displaced from the peak or bottom of 
the Waveform of the detection signal, the siZe relationship 
being examined is hardly affected. Thus, the expressions 
“?rst timing” and “second timing” used herein should be 
interpreted broadly. They are not required to coincide accu 
rately With the peak or bottom of the Waveform of the 
detection signal. 
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[0019] According to a more preferred embodiment, the 
condition judging means serves to generate the on-off judg 
ing output additionally on the condition that the level of the 
light detection signal at the ?rst timing and the speci?ed 
level is in a speci?ed siZe relationship. 

[0020] According to a second embodiment of the inven 
tion, the light emitting means is controlled to emit light at 
least three times per period of light emission from an 
inverter ?uorescent lamp in the environment of the photo 
electric sWitch. The condition judging means compares a 
speci?ed level and the level of the light detection signal at 
times When a peak of the pulsed detection light is expected 
to arrive, generating the on-off judgment output according to 
the majority of the comparison results obtained Within a 
period of light emission from the ?uorescent lamp. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a basic structural diagram of a photo 
electric sWitch of the re?ection type according to a ?rst 
embodiment of the invention. 

[0022] FIG. 2 is a basic structural diagram of a photo 
electric sWitch of the transmission type according to a ?rst 
embodiment of the invention. 

[0023] FIG. 3 is a circuit diagram of a dedicated analog 
circuit serving as the ?ltering means. 

[0024] FIG. 4 is a conceptual diagram shoWing the func 
tions of the condition judging means by using logic symbols. 

[0025] FIG. 5 is a Waveform diagram of signals through 
various parts of FIG. 1. 

[0026] FIG. 6 is a basic structural diagram of another 
photoelectric sWitch of the re?ection type according to a 
second embodiment of the invention. 

[0027] FIG. 7 is a Waveform diagram for shoWing the 
relationship betWeen the Waveform of noise from a ?uores 
cent lamp and driving pulse. 

[0028] FIG. 8 is a Waveform diagram for shoWing the 
synchronism relationship betWeen the timing for the gen 
eration and frequency of pulse for the ?uorescent lamp. 

[0029] FIG. 9 is a Waveform diagram for shoWing the 
relationship betWeen the noise of ?uorescent lamp and the 
driving pulse signal. 
[0030] FIG. 10 is a Waveform diagram for shoWing the 
relationship betWeen portions of the level-shifted detection 
signals and the threshold value. 

[0031] FIG. 11 is a ?oWchart of the operations of the 
condition judging means. 

[0032] FIG. 12 is a Waveform diagram for shoWing the 
relationship betWeen the drive pulse and detection signal 
When there is no noise due to a ?uorescent lamp. 

[0033] FIG. 13 is a Waveform diagram for shoWing the 
relationship betWeen the drive pulse and the timing for A/D 
conversion in the presence of noise due to a ?uorescent 
lamp. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] As explained above, a photoelectric sWitch 
embodying this invention comprises a light emitting means 
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for periodically emitting pulsed detection light, a light 
receiving means for photoelectrically converting received 
pulsed detection light to output a corresponding light detec 
tion signal and a signal processing means for generating an 
on-off judgment output on the basis of the light detection 
signal from the light receiving means. 

[0035] The signal processing means include a level shift 
ing means and a condition judging means. The level shifting 
means is for shifting toWards a speci?ed level the level of the 
light detecting signal during a speci?ed light receiving 
period by an amount corresponding to the difference 
betWeen the level of the light detection signal at a moment 
immediately before the pulsed detection light is eXpected to 
arrive and the speci?ed level. The condition judging means 
is for judging on the basis of the light detection signal after 
its level has been shifted by the level shifting means Whether 
or not at least one of the necessary conditions for an on-off 
judgment is satis?ed. In the above, the “speci?ed light 
receiving period” is the period during Which a light detection 
signal corresponding to the pulsed detection light re?ected 
by a target object is eXpected to be received. 

[0036] The function of the aforementioned level shifting 
means may be carried out by softWare by using a micro 
processor or by hardWare by means of a dedicated analog 
circuit, as Will be described beloW. 

[0037] Any number of softWare methods may be consid 
ered by persons skilled in the art. One of them Would be to 
continuously carry out A/D conversions of the levels of light 
detection signals outputted from the light receiving means at 
a speci?ed sampling frequency period, to store them sequen 
tially in a memory and to thereafter subtract or add the value 
of the data immediately before the eXpected moment of 
arrival of the pulsed detection light from or to one or more 
of the data values at as many timings to be used for the 
on-off judgment. 

[0038] Aphotoelectric sWitch of this invention is not only 
of such a structure but also has one or both of the folloWing 
tWo selectable characteristics. 

[0039] One of these tWo characteristics relates to the 
aforementioned condition judging means. A photoelectric 
sWitch having a condition judging means With this charac 
teristic makes a comparison betWeen the level of the detec 
tion signal at a ?rst timing When a peak of the Waveform of 
the light detection signal of the pulsed detection light is 
eXpected to arrive and the level of the light detection signal 
at a second timing When its bottom after an overshoot period 
is eXpected to arrive and carries out the one-off judgment (or 
the detection judgment) at least on the condition that the 
comparison shoWs, or results in, a speci?ed siZe relation 
ship. This characteristic is for improving the reliability of the 
on-off judgment by focusing attention to the generally 
hill-shaped Waveform Which results only When pulsed detec 
tion light is received. 

[0040] The other characteristic is related to both the light 
emitting means and the condition judging means. With a 
photoelectric sWitch With this characteristic, the light emit 
ting means is adapted to emit pulsed light not only at a 
shorter period than that of the light from a ?uorescent lamp 
in the presence of Which the photoelectric sWitch is to 
function but also at least three times per pulse period of the 
?uorescent lamp. Moreover, the condition judging means is 
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adapted not only to compare the level of the detection signal 
at a time at Which a peak of the pulsed detection light is 
eXpected to arrive With a speci?ed threshold value but also 
to carry out the on-off judgment according to the majority of 
the results of comparisons obtained during the period of 
light emission. In other Words, this characteristic is for 
improving the reliability of the on-off judgment based on the 
fact that the noise Waveform of the ?uorescent lamp has only 
tWo sharply changing portions per period. The aforemen 
tioned ?rst characteristic may be relied upon for obtaining 
the comparison result in the second characteristic. 

[0041] These functions of the condition judgment means 
may be realiZed by hardWare by using an analog comparator 
and a logic circuit or by softWare by using a microprocessor 
after the level-shifted detection signal is subjected to an A/D 
conversion process. 

[0042] FIG. 1 shoWs the basic electric structure of a 
photoelectric sWitch 1 of the re?ection type, according to a 
?rst embodiment of the invention, adapted to carry out the 
functions of the level-shifting means by hardWare by using 
a dedicated analog circuit. It is characteriZed as having the 
?rst of the aforementioned tWo characteristics. In other 
Words, its condition judging means is adapted to compare 
the levels of the light detection signal at a ?rst timing at 
Which a peak of the light detection signal Waveform of the 
pulsed detection light is eXpected to arrive and a second 
timing at Which the bottom due to an overshooting of the 
light detection signal Waveform of the pulsed detection light 
is eXpected to arrive and to carry out the on-off judgment 
process at least on the condition that a speci?ed siZe rela 
tionship is ascertained by the comparison. 

[0043] As shoWn in FIG. 1, the photoelectric sWitch 1 
comprises a light emitting means 2, a light receiving means 
3, a ?ltering means 4, an A/D converter 5 and a CPU 6. 

[0044] The light emitting means 2 comprises a driving 
means 7 and a light emitting element 8. The driving means 
7 may be comprised of an LED driver circuit such as a 
constant current circuit and serves to supply a driving pulse 
(driving pulse signal) PD With pulse Width TP and rest 
period TK (as shoWn in FIG. 5(A)) to the light emitting 
element 8 on the basis of a light emission control signal CD 
With a pulse Waveform With period T (=TP+TK) outputted 
from a light emission control means 13 Which may be 
realiZed as softWare by the CPU 6. 

[0045] The light emitting element 8 comprises a light 
emitting diode (LED) according to this eXample and serves 
to emit light only during the periods corresponding to the 
pulse Widths of the driving pulse PD supplied from the 
driving means 7 (as shoWn in FIG. 4(A)) to direct pulsed 
detection light LS to the area Where a target object 20 may 
be eXpected to be present. 

[0046] The light receiving means 3 comprises a light 
receiving element 9 and an ampli?er 10. The light receiving 
element 9 may be comprised of a photodiode and serves to 
receive re?ected light LR from the target object 20 and noise 
light LN from an inverter ?uorescent lamp and to carry out 
photoelectric conversion. Electric signal VSl obtained by 
photoelectric conversion of the re?ected light LR from the 
target object 20 and electric signal VNl obtained by pho 
toelectric conversion of the noise light LN are superposed 
together to be supplied to the ampli?er 10. 
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[0047] The ampli?er 10 may comprise an operational 
ampli?er With a variable gain and serves to amplify the 
electric signal (VS1+VN1) outputted from the light receiv 
ing element 9 at a speci?ed gain and to generate and output 
a light detection signal (VS2+VN2). VS2 indicates the 
signal obtained by amplifying signal VS1, and VN2 indi 
cates the signal obtained by amplifying signal VN1. The 
light detection signal (VS2+VN2) thus generated and out 
putted is then transmitted to the ?ltering means 4 placed on 
the doWnstream side. 

[0048] The ?ltering means 4 functions as What is herein 
referred to as the level-shifting means Which is one of the 
elements of the present invention, alloWing to pass only 
signal component VS2 corresponding to the periodically 
pulsed re?ected light LR but not alloWing to pass signal 
component VN2 corresponding to the noise light LN from 
the ?uorescent lamp. This is herein referred to as the ?ltering 
means because its function, as described above, is similar to 
that of the so-called comb ?lter Which functions macroscopi 
cally. 
[0049] The function of the ?ltering means 4 (or the 
level-shifting means) is to shift the level of the light detec 
tion signal (VS2+VN2) toWards a speci?ed potential level 
(the ground level GND, for example) by an amount corre 
sponding to the difference betWeen the level of the light 
detection signal (VS2+VN2) at the moment T0 When the 
re?ect light LR of the pulsed detection signal is expected to 
arrive (as shoWn in FIG. 5) and the aforementioned speci 
?ed level during a period in Which the re?ected light LR is 
expected to arrive. The data on moments T0 are generated by 
the CPU 6. 

[0050] FIG. 3 shoWs the structure of an example of a 
circuit Which may be used as an analog circuit dedicated to 
serve as the ?ltering means 4, including a connecting 
capacitor C1 inserted betWeen an input terminal and an 
output terminal and an analog sWitch Q1 inserted betWeen 
the output terminal and a point at the speci?ed potential level 
(the ground GND in this example). When the analog sWitch 
Q1 is in the OFF condition, its output side is in a ?oating 
condition and the AC component of the signal on the input 
side is transmitted to the output side. When the analog 
sWitch Q1 is in the ON condition, its output side is kept at 
the speci?ed potential level (GND). As the analog sWitch Q1 
is sWitched from the ON condition to the OFF condition, its 
output side is released from the constraint and becomes 
?oating. Since the AC component becomes transmissible 
betWeen the input and output sides, the potential of the 
output signal VO becomes the superposition of the AC 
component on the input side and the speci?ed level (GND). 
As explained above, any potential level other than the 
ground level may be selected as the “speci?ed level”. 

[0051] In other Words, this analog circuit may be referred 
to as an AC signal transmitting circuit for transmitting the 
AC component from the input side to the output side as the 
analog sWitch Q1 is sWitched off from the ON condition to 
the OFF condition and initialiZing the DC component to be 
superposed onto the AC component on the output side to the 
speci?ed potential (GND) after the AC component begins to 
be transmitted. 

[0052] The A/D converter 5 is for A/D converting the 
output signal VO from the ?ltering means 4 at timings T1 
and T2 to be described beloW and shoWn in FIG. 5. The ?rst 
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timing T1 is When a peak in the light detection signal 
Waveform of the pulsed detection light is expected to arrive 
and the second timing T2 is When the bottom in the light 
detection signal Waveform of the pulsed detection light is 
expected to arrive after an overshoot period. These timings 
T1 and T2 are generated by the CPU 6, as Will be described 
beloW. The A/D converter 5 outputs digital data DMX 
corresponding to peak values obtained by A/D conversion at 
the timing T1 and digital data DMN corresponding to 
bottom values obtained by A/D conversion at the timing T2. 

[0053] The CPU 6 may comprise a microprocessor. Con 
dition judging means 11, sampling pulse generating means 
12 and light emission control means 13, shoWn inside the 
CPR 6 in FIG. 1, are functions to be carried out by the 
microprocessor by softWare. 

[0054] The functions of the sampling pulse generating 
means 12 and the light emission control means 13 Will be 
described next With reference to the Waveform diagrams in 
FIG. 5. 

[0055] The light emission control means 13 generates a 
standard timing signal (not shoWn) With period T on the 
basis of a standard clock contained in the CPU 6. The light 
emission control signal CD and sampling control signal CS 
are generated on the basis of this standard timing signal. The 
light emission control signal CD is a pulse signal With period 
T in synchronism With the standard timing signal, and its 
pulse Width corresponds to the light emitting time of the 
light emitting element 8. FIG. 5(A) shoWs the Waveform of 
the driving pulse PD generated by the operation of the 
driving means 7 corresponding to this light emission control 
signal CD. As can be seen from FIG. 5(A), the driving pulse 
PD is a pulse signal With period T and pulse Width TP. The 
sampling control signal CS is also a pulse signal With period 
T in synchronism With the standard timing signal and is 
supplied to the sampling pulse generating means 12 for the 
generation of gate pulse PG and sampling pulse PS, to be 
described beloW. 

[0056] The sampling pulse generating means 12 serves to 
generate gate pulse signal PG and sampling pulse signal PS 
on the basis of the sampling control signal CS supplied from 
the light emission control means 13. As shoWn in FIG. 5(C), 
the gate pulse signal PG is a pulse signal With period 
T(=TOF+TON) in synchronism With the standard timing 
signal. The gate pulse signal PG is at LOW (“L”) level 
during period TOF (earlier referred to as the “speci?ed light 
receiving period”) from moment T0 immediately before the 
arrival of the re?ected light LR at least until the signal 
portion VS2 corresponding to the re?ected light LR is 
extinguished and at HIGH (“H”) level during period TON 
thereafter until the moment T0 When the next re?ected light 
LR arrives. This gate pulse signal PG is supplied to the 
analog sWitch Q1 of the AC signal transmission circuit 
serving as the ?ltering means 4. The analog sWitch Q1 is 
sWitched off When the gate pulse signal PG is “L” and is 
sWitched on When the gate pulse signal PG is “H”. The 
output from the AC signal transmission circuit serving as the 
?ltering means 4 varies according to the AC portion on its 
input side When the analog sWitch Q1 is sWitched off and 
remains at the GND level independently of the AC portion 
on the input side When the analog sWitch Q1 is sWitched on. 

[0057] The sampling pulse signal PS (not shoWn in FIG. 
5) includes ?rst and second timing signals respectively 
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indicating the aforementioned ?rst and second timings T1 
and T2. These timing signals are set at speci?ed time 
intervals after the timing T0 immediately before the arrival 
of the re?ected light. The timing signals are supplied to the 
A/D converter 5, Which serves to generate digital data DMX 
and DMN respectively by A/D-converting the ?rst and 
second timing signals T1 and T2. The digital data DMX and 
DMN are used for the on-off judgment process by the 
condition judging means 11. 

[0058] FIG. 4 uses logical symbols to eXplain the func 
tions of the condition judging means 11 as they may be 
carried out by softWare by the microprocessor of the CPU 6. 
As shoWn therein, the functions of the condition judging 
means 11 may be described as being performable by means 
of tWo comparators COMl and COM2 and one AND gate, 
the ?rst comparator COMl serving to compare and obtain 
the siZe relationship betWeen the digital data DMX and 
DMN, the second comparator COM2 serving to compare 
and obtain the siZe relationship betWeen the digital data item 
DMX and the speci?ed (Zero) level, and the AND gate 
serving to output the logical product of outputs HA and HB 
respectively from the ?rst and second comparators COMl 
and COM2. The output HO from the AND gate becomes 
“H” only When the DMX is greater than DMN and also 
DMX is greater than the speci?ed (Zero) level, indicating 
that the re?ected light LR has been received. 

[0059] FIGS. 5(B) and 5(D) respectively shoW the Wave 
form of the input signal to and output signal from the AC 
signal transmission circuit serving as the ?ltering means 4. 
As can be understood by comparing FIGS. 5(B) and 5(D), 
the input signal Waveform (as shoWn in FIG. 5(B)) is 
level-shifted as a Whole upWard or doWnWard during time 
interval TOF such that the level of the output signal at the 
beginning T0 of this period (immediately before the arrival 
of the re?ected light LR) is shifted doWn to the Zero level as 
shoWn in FIG. 5(D). In the eXample of FIG. 5, the input 
signal Waveform (of FIG. 5(B)) is shifted as a Whole 
doWnWard in the ?rst, second and ?fth periods and upWard 
in the third and fourth periods to obtain the output signal 
Waveform (of FIG. 5(D)). Thus, the level-shifted Waveform 
of FIG. 5(D) alWays starts from the same speci?ed (Zero) 
level in each period to described a hill-shaped Waveform 
characteristic of the re?ected light LR Within a speci?ed 
time interval TOF. 

[0060] Explained more in detail, the signal level DMX at 
the ?rst timing T1 is alWays higher than the signal level 
DMN at the second timing T2 as long as re?ected light LR 
With a speci?ed quantity of light is being received. This 
relationship becomes satis?ed also While there is no 
re?ected light LR being received if the timing T0 immedi 
ately before the arrival of the re?ected light happens to 
coincide With a point in time at Which the noise Waveform 
from the ?uorescent lamp drops suddenly. In such a case, 
hoWever, the polarity of the signal level DMX at the ?rst 
timing T1 does not fail to become smaller than the speci?ed 
(Zero) level. In other Words, an erroneous judgment can be 
avoided if it is concluded that there is no re?ected light LR 
present, although the signal level at the ?rst timing T1 is 
found to be higher than that at the second timing T2, if the 
signal level at the ?rst timing Ti is smaller than the speci?ed 
(Zero) level. 
[0061] Thus, the presence or absence of re?ected light LR 
can be correctly determined if the digital data DMX and 
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DMN outputted from the A/D converter 5 are supplied to the 
condition judging means 11 eXplained above With reference 
to FIG. 4. Even if there are variations in the timings T1 and 
T2 to the eXtents of AT1 and AT2, as shoWn in FIG. 5, the 
siZe relationship betWeen the digital data DMX and DMN is 
almost unaffected and since DMX is larger than the speci?ed 
(Zero) level, presence or absence of re?ected light can be 
reliably determined in spite of variations in the gate pulse 
signal PG and the sampling pulse signal PS. 

[0062] According to the embodiment of the invention 
described above, a comparison is made betWeen the level 
(DMX) of the light detection signal at the ?rst timing T1 
When a peak of the detection signal of a pulsed detection 
light is eXpected to arrive and the level (DMN) of the light 
detection signal at the second timing T2 When a bottom of 
the light detection signal after overshooting is eXpected to 
arrive. If this comparison shoWs a speci?ed siZe relationship, 
it is concluded that one of the conditions to be relied upon 
for the on-off judgment is satis?ed. Thus, even if the 
sampling timings T1 and T2 are someWhat displaced from 
those of the peak or bottom of the Waveform of the detection 
signal, the siZe relationship betWeen DMX and DMN is 
nearly unaffected thereby and a reliable on-off judgment is 
possible as long as a detection signal Waveform character 
istically of the pulsed detection light is present Within the 
sampling region. 

[0063] Moreover, the condition judging means is designed 
to carry out the on-off judgment process not only according 
to the result of the comparison, or the siZe relationship 
betWeen the signal levels DMX and DMN at the ?rst and 
second timing T1 and T2, but also on the condition that the 
level of the detection signal at the ?rst timing T1 is higher 
than the Zero level serving as a speci?ed level. Thus, even 
if the timing T0 immediately before the eXpected arrival 
time of the pulsed detection light happens to coincide With 
sharply dropping moment of the detection signal Waveform 
(180° in FIG. 9) such that an accurate on-off judgment 
cannot be made from the siZe relationship betWeen DMX 
and DMN alone because of the possibility that the re?ected 
light from the pulsed detection light is absent or hardly 
present, a reliable on-off judgment becomes possible by 
considering the siZe relationship betWeen the level DMX at 
the ?rst timing T1 and the Zero level because this difference 
is signi?cant betWeen When there is normal re?ected light 
and When there is none. 

[0064] The invention has thus far been eXplained With 
reference to a photoelectric sWitch of the re?ection type but 
it goes Without saying that the present invention is appli 
cable also to photoelectric sWitches of the transmission type. 
An eXample of such a photoelectric sWitch of the transmis 
sion type is shoWn in FIG. 2, for the purpose of complete 
ness of disclosure, With like components indicated by the 
same numerals and repetitious descriptions being omitted. 

[0065] As shoWn in FIG. 2, a photoelectric sWitch 15 of 
the transmission type has a light emitting apparatus 100 and 
a light receiving apparatus 200. The light emitting apparatus 
100 includes a light emitting means 2, and the light receiving 
apparatus 200 includes a light receiving means 3, a ?ltering 
means 4, an A/D converter 5 and a CPU 6. A light emission 
control signal CD is transmitted from the CPU6 inside the 
light receiving apparatus 200 to the light emitting means 2 
inside the light transmitting apparatus 100 through a com 
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munication line. Since the light emission control signal CD 
is transmitted through a communication line from the light 
receiving apparatus 200 to the light emitting apparatus 100 
in the case of such a photoelectric sWitch of the transmission 
type, it is very dif?cult to precisely synchroniZe the timing 
of light emission With the sampling timing. The on-off 
judgment process according to this invention is therefore 
particularly effective for such a photoelectric sWitch because 
the effects of the variations in the sampling timing are small. 

[0066] FIG. 6 shoWs the basic structure of a photoelectric 
sWitch 1A of the re?ection type according to a second 
embodiment of the invention, adapted to carry out the 
functions of the level-shifting means by hardWare by using 
a dedicated analog circuit. It is characteriZed as having the 
second of the aforementioned tWo characteristics. Thus, it is 
adapted to emit light at least three times Within the period 
TN of the inverter ?uorescent lamp in the environment (or 
the period of the noise of the ?uorescent lamp). The con 
dition judging means compares the level VMX of the 
detection signal at the timing T1 When a peak of the pulse 
detection light LS is expected to arrive With a speci?ed 
threshold value Vth and carried out the on-off judgment 
process according to the majority of the comparison results 
obtained Within the period TN. 

[0067] In FIG. 6, components Which are similar or alike 
With those shoWn in FIG. 1 are indicated by the same 
numerals and Will not be repetitiously described. Thus, the 
photoelectric sWitch 1A is shoWn as comprising a light 
emitting means 2, a light receiving means 3, a ?ltering 
means 4, an A/D converter 5A and a CPU 6A. The CPU 6A 
includes a condition judging means 11A, a sampling pulse 
generating means 12A and a light emission control means 
13A. 

[0068] The light emission control means 13A generates a 
standard timing signal (not shoWn) for specifying a light 
emission period on the basis of a standard clock contained 
in the CPU 6A. The period of this standard timing signal is 
set to be about equal to the shortest of the noise periods of 
the ?uorescent lamps anticipated to be present (such as 
60-70 ysec). The light emission control means 13A also 
generates a light emission control signal CD for controlling 
the light emitting means 2 on the basis of this standard 
timing signal. This light emission control signal CD has at 
least three timing components. As shoWn in FIGS. 7 and 8, 
for example, three driving pulses P1, P2 and P3 are output 
ted from the driving means 7 sequentially at speci?ed 
intervals Within a noise period TN as the driving signal CD 
is supplied to the driving means 7. The light emitting 
element 8 is driven by these driving pulses P1, P2 and P3 
and the pulsed detection light LS is emitted at the speci?ed 
intervals to an area 20 Where a target objected may be 
expected to be present. After the re?ected light LR from the 
target object 20 is received by the light receiving element 9, 
the re?ected light LR and the noise light LN are photoelec 
trically converted through the light receiving element 9, as 
explained above With reference to the embodiment With the 
?rst characteristic. The electric signals VS1 and VN1 thus 
obtained are ampli?ed by the ampli?er 10 and the light 
detection signal VS2+VN2 is generated and outputted. 

[0069] FIG. 9 shoWs the relationship betWeen the light 
detection signal VS2 and the noise signal VN2 from the 
?uorescent lamp thus generated. As shoWn, the intervals 
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betWeen the three signals VS21, VS22 and VS23 are set such 
that even in the Worst situation Where the ?rst and the last of 
the signals (such as VS21 and VS23) happen to coincide 
With the phases 0° and 180° of the noise of the ?uorescent 
lamp, the middle signal VS22 Will fall upon the phase angle 
of 90° Where the rate of change is the gentlest. 

[0070] The ?ltering means 4 serves to level-shift the 
detection signal VS2+VN2 received from the light receiving 
means 3 in the same Way as explained above With reference 
to the ?rst embodiment of this invention. FIG. 10 shoWs the 
light detection signals thus level-shifted. When there is no 
re?ected light LR being received, each of the three signals 
VS21, VS22 and VS23 must exceed the threshold value Vth 
at the ?rst timing T1. In the aforementioned Worse situation, 
signals VS21 and VS22 With timings corresponding to 
phases 0° and 90° of the noise Waveform exceed the 
threshold value Vth but signal VS23 corresponding to phase 
180° cannot exceed the threshold value. On the other hand, 
if only the noise light LN is present such that none of the 
three signals VS21, VS22 and VS23 should exceed the 
threshold value Vth, the values of the signals VS22 and 
VS23 corresponding to phases 90° and 180° Will each 
exceed the threshold value Vth but the signal VS21 With 
timing corresponding to phase 0° Will exceed the threshold 
value Vth, although not shoWn. Thus, of the three judging 
operations Which takes place Within one period TN of noise, 
if the signal value exceeds the threshold value tWice or more, 
it is concluded as ON and if the signal value does not exceed 
the threshold value tWice or more, it is concluded as OFF. If 
this principle of decision by the majority is folloWed, 
therefore, a more reliable on-off judgment process can be 
carried out. 

[0071] The condition judging means 11A carries out an 
on-off judgment process on the basis of the data DMX 
obtained from the A/D converter 5A by the algorithm 
described above. If this function of the condition judging 
means 11A is to be carried out by softWare by using a 
microprocessor, its ?oW chart may look as shoWn in 
FIG. 11. 

[0072] With reference to FIG. 11, as the on-off judgment 
process is started, an initialiZation process is carried out ?rst 
(Step 1101) to initialiZe counters and registers to be used for 
the calculation. Next, the ?rst digital data item DMX read 
from the A/D converter 5A is compared With a threshold 
value Dth (Step 1102). If it is adjudged that DMX>Dth (YES 
in Step 1102), a speci?ed ON counter is incremented by +1 
(Step 1103). If it is adjudged that DMX<Dth (NO in Step 
1102), a speci?ed OFF counter is incremented by +1 (Step 
1104). The counter for data number N is thereafter incre 
mented by +1 (Step 1105). Steps 1102-1105 are repeated 
until the data number N reaches 3. When the data number N 
reaches 3 (YES in Step 1106), the numbers in the ON 
counter and the OFF counter are compared (Step 1107). If 
the number in the ON counter is greater than that in the OFF 
counter (Yes in Step 1107), an ON signal is outputted as the 
result of the on-off judgment process (Step 1108). If the 
number in the ON counter is less than that in the OFF 
counter (NO in Step 1107), an OFF signal is outputted as the 
result of the on-off judgment process (Step 1109). This result 
of on-off judgment according to the principle of majority 
decision is one of the judgment elements for rendering the 
?nal on-off determination, or the detection or non-detection 
of a target object. 
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[0073] The Waveform for the noise for an inverter type 
?uorescent lamp is nearly sinusoidal. Thus, the Waveform 
has only tWo sharp (or quickly changing) position Within 
each cycle (or period of TN). According to the second 
embodiment of the invention described above, detection 
light is emitted at least three times per cycle of light 
emission from the lamp. Thus, even in the Worst situation 
Where one of the timings for light emission coincided With 
a sharply rising timing of the Waveform of the noise and 
another coincided With its sharply falling timing such that an 
erroneous judgment may be rendered at either of these 
timings, the rest should coincide With a gently varying 
portion of the Waveform. Thus, in addition to obtaining the 
result of comparison betWeen the level VMX of light detec 
tion signal at the timing Ti When a peak of the pulsed 
detection light is expected to arrive and a speci?ed threshold 
value Vth, it is concluded that one of the conditions to be 
used for the on-off judgment is satis?ed according to the 
majority of the judgment results obtained during the period 
of light emission. 

[0074] As explained above, the present invention provides 
a photoelectric sWitch With a level-shifting function With 
Which an on-off judgment (or the judgment of presence or 
absence of a target object) can be reliably outputted. With a 
photoelectric sWitch of this invention, a reliable on-off 
judgment can be outputted even if there are some variations 
in the sampling timing for the light detection signals to be 
used for the on-off judgment or if the sampling timing 
happened to coincide With a sharply varying portion of the 
Waveform of the detection signal due to a noise component. 

What is claimed is: 
1. A photoelectric sWitch comprising: 

a light emitting means for periodically emitting pulsed 
detection light; 

a light receiving means for photoelectrically converting 
said pulsed detection light and thereby outputting cor 
responding light detection signals; and 

a signal processing means for generating an on-off judg 
ment output for sWitching on or off said photoelectric 
sWitch; 

said signal processing means including: 

a level shifting means for shifting the level of the light 
detection signals toWards a speci?ed level during a 
speci?ed light receiving period by an amount corre 
sponding to the difference betWeen said speci?ed 
level and the level of the light detection signal at a 
time immediately before said pulsed detection light 
is expected to arrive; and 

a condition judging means for judging, on the basis of 
the light detection signal With the level shifted by 
said level shifting means, Whether or not at least one 
of conditions to be used for generating said on-off 
judgment output is satis?ed; 

Wherein said condition judging means serves to gener 
ate said on-off judgment output at least on the 
condition that the levels of the light detection signal 
at a ?rst timing When a peak of the light detection 
signal is expected to arrive and at a second timing 
When a bottom of the light detection signal after an 
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overshoot period is expected to arrive are in a 
speci?ed siZe relationship. 

2. The photoelectric sWitch of claim 1 Wherein said 
condition judging means serves to generate said on-off 
judgment output on an additional condition that the level of 
the light detection signal at said ?rst timing and said 
speci?ed level are in a speci?ed siZe relationship. 

3. A photoelectric sWitch comprising: 

a light emitting means for periodically emitting pulsed 
detection light; 

a light receiving means for photoelectrically converting 
said pulsed detection light and thereby outputting cor 
responding light detection signals; and 

a signal processing means for generating an on-off judg 
ment output for sWitching on or off said photoelectric 
sWitch; 

said signal processing means including: 

a level shifting means for shifting the level of the light 
detection signals toWards a speci?ed level during a 
speci?ed light receiving period by an amount corre 
sponding to the difference betWeen said speci?ed 
level and the level of the light detection signal at a 
time immediately before said pulsed detection light 
is expected to arrive; and 

a condition judging means for judging, on the basis of 
the light detection signal With the level shifted by 
said level shifting means, Whether or not at least one 
of conditions to be used for generating said on-off 
judgment output is satis?ed; 

Wherein said light emitting means is controlled to emit 
light at least three times per period of light emission 
from a ?uorescent lamp in an environment of said 
photoelectric sWitch; and 

Wherein said condition judging means obtains a plu 
rality of comparison results by comparing a speci?ed 
level and the level of the light detection signal at 
times When a peak of said pulsed detection light is 
expected to arrive and generates said on-off judg 
ment output according to the majority of the com 
parison results obtained Within a period of light 
emission. 

4. The photoelectric sWitch of claim 1 Wherein said light 
emitting means includes a driving means for outputting a 
driving pulse signal at a timing speci?ed by a light emission 
control signal and a light emitting element for emitting 
pulsed detection light to a speci?ed target region in response 
to said driving pulse signal outputted from said light emit 
ting means; 

Wherein said light receiving means includes a light receiv 
ing element for receiving re?ection of said pulsed 
detection light arriving from said target region and 
carrying out photoelectric conversion on the received 
re?ected light and an ampli?er for generating a light 
detection signal by amplifying the output from said 
light receiving element. 

5. The photoelectric sWitch of claim 4 Wherein said 
condition judging means serves to generate said on-off 
judgment output on an additional condition that the level of 
the light detection signal at said ?rst timing and said 
speci?ed level are in a speci?ed siZe relationship. 




